Introduction 36
The generation of diverse organismal body plans has piqued the imagination of early naturalists 37 and modern geneticists alike. By observing sets of intermediate developmental stages, or 38 ontogenies, early embryologists Haeckel and von Baer not only associated the body plans of 39 diverse species, but also placed morphological differences into the context of evolutionary 40 relationships between taxa (Gould, 2003) . Developmental genetic research has since revealed 41 that morphogenesis generally involves a transition from a highly-proliferative stem cell identity 42 into a determinant, mature tissue identity. By precisely regulating the duration and location of 43 these two modes of development, multicellular eukaryotic lineages have generated complex, 44 diverse body plans (Carroll, 2008; Minelli, 2009; Steeves and Sussex, 1972) . Uncovering the 45 molecular changes associated with the evolution of body plans underlying morphological 46 diversity has been challenging, however, because it is difficult to determine meaningful 47 comparisons between developmental stages of distant taxa (Roux et al., 2015) , especially in 48 understudied or morphologically ambiguous species (Anavy et al., 2014) . 49 50 Our current understanding of the evolution of development has instead focused on the genetics 51 of interfertile taxa and/or comparative genomics of species with shared morphological staging 52 (Carroll, 2008) . In systems where morphologically unique taxa are interfertile, for example, wild 53 relatives of agricultural domesticates or allopatric species distributions, researchers have used 54 quantitative genetics to identify mutations and even possible mechanisms underlying mutation 55 rates that underlie morphological diversification (Hubbard et found that changes to the timing of expression are correlated with morphological changes (Roux 63 abundance matched our maize data ( Figure 2D ). In contrast to our maize data where the IM 126 was observed from ZM1-ZM3, the sorghum IM was a short-lived identity found only during SB1. 3). We then used our entrained random forest to evaluate a small number of publicly-available, 149 developmentally-staged whole tassel primordia RNAseq datasets. Using just the raw expression 150 values from these datasets, we were able to correctly approximate primordia length, and thus 151 calculate organ primordia age in silico, from RNAseq alone for 5 of 6 available datasets (Figure  152 
4B). 153
After observing that the syntenic orthologs of maize meristem genes appeared shifted in our 154 sorghum panicle dataset, we explored whether these shifts represent (1) differences in the 155 relative age of sampled plants, or (2) real changes in the timing of expression, heterochrony.
First we constructed phasigrams of gene expression, where genes are ordered based on their 157 time of peak expression (Methods, after Levin et al., 2016) . Comparing the absolute position of 158 peak expression confirmed that our sorghum dataset starts and ends relatively early compared 159 to maize development. However, we found that the overall sequence of meristem regulatory 160 genes and their syntenic orthologs was not changed between maize and sorghum ( Figure 5AB) . 161
Specific regulators associated with maize tassel development, however, did show differences in 162 relative timing, resembling heterochrony. For example, the regulators of maize tassel branch 163 number and complexity, liguleless1 (LG1; Lewis et al., 2014) We thank Z. Lemmon The complete gene expression matrix was used for hierarchical clustering by average linkage 502 and produce a dendrogram of between-sample relationships with R dendextend (Galili, 2015) . 503 DTU was used to sort the branches. Stages were determined by clustering distance. 504
Image analysis 505
Tiled 1x and 5x images from harvested tissues used for RNAseq were analyzed using ImageJ 506 (Schneider et al., 2012) . Meristem tissue identity was determined by appearance, counted, and 507 quantified using the count objects tool. Binary thresholding was used to determine the area of 508 the total inflorescence silhouette and normalize meristem abundance by inflorescence size. Late 509 stage sorghum samples were too large to survey completely, so we quantified 5 randomly 510 positioned image subsamples and used the subsample silhouette to normalize abundance by 511 size. 512
Random forest modeling, prediction, and clustering 513
The randomForest package for R was used to entrain a random forest model to predict 514 inflorescence stage with an unfiltered, variance-stabilized gene expression matrix (Liaw and  515 Wiener, 2001). The optimal number of trees and number of variables at each split point were 516 determined empirically by minimizing out-of-bag error rates, maize: ntree=2000, mtry=106; 517 sorghum: ntree=2000, mtry=4. 518 B73 tassel datasets were accessed from the NCBI SRA (BioProject PRJNA219741; accession 519 SRR999038, SRR999039, SRR999040, SRR999041, SRR999042, SRR999043). Tassel stage  520 was predicted using the entrained random forest and aggregated stage assignment probabilities 521 were reported. 522 523
The decrease in accuracy for each gene feature during random forest model entrainment was 524 used to identify the top 2500 most influential genes. These most influential genes were 525 clustered using self-organizing maps with a 10 x 10 hexagonal grid and 50,000 iterative steps 526 (R package kohonen; Wehrens and Buydens, 2007; Wehrens and Kruisselbrink, 2018 Dynamic time warping (DTW) was performed on maize-sorghum syntenic ortholog pairs using 538 z-scaled expression values and the R package dtw (Giorgino, 2009 ). Median absolute deviation 539 was used for parametric gene enrichment tests (Tian et al., 2017 ) of species-shared and 540 species-specific expression patterns. 541
Evolutionary expression analysis 542
We calculated maize and sorghum peptide phylostrata from the B73 AGPv3.30 and BTx623 543 v3.1.1 gene sets with the R package phylostratr (Arendsee et al., 2019) . Using the NCBI tree of 544 life, we selected 6 representative genomes at each node, as well as adding recommended 545 diverse prokaryotic taxa, for a total of 127 genomes in each analysis. We performed protein 546
BLASTs (NCBI BLAST+) against this library of genomes with maize and again with sorghum 547 peptides. TAI was calculated using variance-stabilized RPKM gene expression values with 548 myTAI (Drost et al., 2018) . For gene models with multiple predicted peptides, TAI was 549 calculated with the most conserved phylostrata assigned to that locus. 550
We calculated maize and sorghum codon divergence phylostrata by performing reciprocal best 551
BLAST (e-value cutoff 1E-5) for CDS from each species against the Setaria italica v2.2 CDS 552 with the R package orthologr (Drost et al., 2015) . Amino acids were aligned using the 553 Needleman-Wunsch algorithm and then codon aligned with PAL2NAL before calculating 554 substitution rates and separating into equal deciles. TDI was calculated using variance-555 stabilized RPKM gene expression values with myTAI (Drost et al., 2018 
